(Front the Physiological Laboratory, Sendai.)
In the foregoing article is presented a method for collecting the blood from the suprarenal gland in the dog, while the animal is freely sitting, standing, eating, drinking or furthermore sleeping. Namely the behavior of the animal under experimental conditions inherent in that method ap parently differs but little from its natural, daily life. It seems now desirable to test the influence of various kinds of agencies upon the epinephrine discharge from the suprarenal body under such ex perimental conditions as would allow of an honest appearance of the effect of that agency to be examined without undergoing any modification.
The present paper, the first report of this series of experiments per formed with this new method, deals with the results of experiments of fastening down the dog on the board and of sensory stimulation. As both the manipulations have yielded somewhat different features in respect of accelerating the epinephrine output both as to the constancy of occurrence and the degree of the acceleration, they will be taken up separately and in the order named.
• In contrast with the numerous investigations on the fastening diabetes, for an account of which we may refer to a paper of F u j i i,°> any study of the influence exercised by the fastening down of the animal upon its epine phrine liberation has hitherto been wanting however.
The new method introduced by the foregoing communication affords indubitably an ideal background against which the effect of fastening down may be tested with ease and confidence.
It is scarcely necessary to say that the general method used in the present investigations was that outlined in the preceding paper.
Some dogs which were beforehand de-afferented for the cava pocket experiments, that is, the dorsal roots from the VI thoracic to the II lumbar cord of which were previously sectioned, came also into application in the present investigations. In some other dogs the region corresponding to the X thoracic to the II lumbar cord was de-afferented. Since it was found however insufficient in one case where the incision through the skin and muscle was widened further backward than usual in order to place properly the glass cylinder for collection of blood under the opening of the cannula inserted into the proximal portion of the lumbar vein, which pointed in this instance much more caudally than usually, the III lumbar dorsal roots were henceforth severed as a rule in addition to the six pairs of roots, with satisfactory results.
In almost half of the instance listed in the table, the so de-afferented dog was first fastened down on the dog board, and the lumbar route operation was then carried out on the fastened dog. As already related on another occasion1) the excessive deepening of breathing attendant upon the fastening down of the animal seriously interfered with the minute preparations involved in this operation, as ligating smalll veins, inserting the small cannula, etc. In the rest the lumbar route operation was carried out while the dog was freely sitting or standing on the table without any restraining. We soon came to see the adequency of the free, natural posture of the animal for such an operation.
The epinephrine content of the blood samples was estimated by means of the rabbit intestine segment method3) In some instances we attempted to assay it by means of the denervated eye of cat, fully illustrated in a previous publication,4) but in vain. Not only in the blood specimens collected during intervals of quiet, but also in those taken during restless spells evoked by fastening down as well as by sensory stimulation epinephrine was contained usually in indeterminable amounts with the latter reaction (with 1-2 c.c. blood). This fact is to be contrasted with the previous works in which we were able to make use of the denervated pupil method with satisfaction, and in reality for the cava pocket specimens from the animals, without reference to their being subjected to anaesthesia or not 5) Other wise expressed, these results indicate plainly a far lower epinephrine concentration of the suprarenal vein bloods collected by the lumbar way from not-anaesthetized dogs , even during sensory stimulation, in comparison with the cava pocket samples; to this we will refer again later. The lumbar route operation was performed on the dog,, that had com pletely recovered its body weight 1.5 monates after the dorsal roots opera tion from the X thoracic to the II lumbar cord, and appeared quite nor •˜ See the foot-note on p. 12. A little stronger than 0.05 c.c. of 1:1,000,000. The rest of the first specimen (I & II mixed together) was placed on ice, and the next day it was applied for the study on the stability of epinephrine, which will be published later by one of us (Sugawara).
In dogs 1, 2, 10 and 12 the fastening exerted an augmenting influence upon the epinephrine output, though not so evidently as the above cited examples (Dogs 7 and 8). In 1, 2 and 10 (comparison of IV & V samples with III and also with VI and VII) the confinement of the animal doubled the epinephrine output. In Dog 12 the concentration and output prior to the fastening were also very small, and the acceleration was small. In these dogs the fastening resulted in whining and struggling.
Y. Satake, M. Watanabd and T. Sugawara An augmenting effect of the fastening upon the epinephrine liberation was definitely missed in -Dogs 3, 4, 5 and 11, and doubtful in Dogs 6, 9
and 13. Dogs 3, 4, 5 and 11 reacted with whining and violent struggling against confinement, whereas Dogs 6, 9 and 13 showed no reaction or only one of a minor degree.
In Dogs 4 and 9 the epinephrine concentration and also the output were very small throughout the whole experimental course.
While the bind limbs of most dogs became more or less paretic after section of the dorsal roots no abnormity was observed in the hind legs of 4 dogs (Dogs 4, 10, 12 & 13) , that might be taken as token of the complete integrity of the ventral spinal roots. Of the latter set of animals Dogs 4 and 13 portrayed no or only a doubtful acceleration in the dis charge of epinephrine in response to the fastening.
From the figures above illustrated, it may be justifiable to take it for granted that the fastening down of dogs is capable of evoking an accelera tion tion in the epinephrine output from the suprarenal gland in about half of the cases. The degree of acceleration by the fastening was also somewhat inferior in comparison with the sensory stimulation. Namely, in potency of eliciting acceleration of the epinephrine liberation the fastening down itself is somewhat subordinate to the latter line of attack.
In Dog 7, which betrayed uninterruptedly extremely violent reactions during the first fastening, including the lumbar route operation, the samples taken twenty minutes after conclusion of operation showed an enormously exaggerated output: That the operation itself should not be taken as responsible for this extraordinary increase can be inferred from the facts that the extremely vigorous reactions were observed incessantly during the fastening and never appeared to be exacerbated by the addition of operative manipulation, and further that the second operation of the same nature on the opposite side, that was carried out in succession, but when the dog was freely sitting on the Speaking on the whole, the behavior of the suprarenal medulla in response to fastening seems to correspond well with the change in the blood sugar level by that manipulation.
Contrary to rabbits, dogs respond to the fastening not only not invariably with an increase of the blood sugar level, but also its degree is far less than in the rabbit.8)
Since we have rot undertaken, however, a parallel determination of blood sugar content in the present in vestigations, it must be left unanswered whether or not the augmentation in the epine phrine liberation and the hyperglycaemia are closely associated in each fastening experi ment.
It is scarcely necessary to add here that if it is found to be so, whether they are S) Iju. Fujii, Tohoku J. Exp. Med., 1922, 3, 126.
causally related or not is open to question, and must be answered by submitting the matter to a special test.
As to the nature of the underlying mechanism whereby the increase in blood sugar con centration is affected by the fastening there still remain different views. According to some writers, as Cannon and Muller, the emotional disturbances attendant upon the fastening must be solely or chiefly accounted the cause of this kind of hyperglycaemia, while Stewart and Rogoff9) inclined to assume it as possibly standing on a different footing from the emotional one, the inference being that an increase of the blood sugar content occurred when the animal had been kept for some time on the board, whether or not it bad been purposely "frightened," etc. Bang would take, too, some more complicated conditions as responsible for-the occurrence of the fasting hyperglycaemia.
As above related the fastening down of dogs is capable of evoking an increase of epine phrine discharge is well established by the present investigations, but in regard to the pro cesses taking place in the organism, which are intermediate between the fastening down itself and the centrum for the epinephrine output, we are at present wholly ignorant.
In this connection we must remember Cannon's view of emotional stimulation of epinephrine liberation.10) He, with a co-worker, was able to detect an increase of epine phrine content in the inferior cava blood of cats when frightened by confronting them with a barking dog. Cats were fastened on the table, but not generally anaesthetized. Bloods were collected by means of a flexible catheter and epinephrine was assayed by means of the cat's intestine strip. In one cat they detected an intensively inhibiting power in the bloods which increased further with the lasting of the excitement such as eleven minutes to fifteen. In other instances the epinephrine content in the inferior cava blood taken in the excited stage was far inferior to those from this cat.
Some years later Stewart and Rogoff9) (p. 573 ff.) failed to duplicate the findings of the Boston physiologist, the same procedure being applied for collection of blood speci mens in the inferior cava vein anterior to the entrances of bloods from the suprarenal bodies.
More recently Hartman and his associatestt) were not so successful in adhering to the view introduced by Cannon.
Cats with the completely denervated eye came into application. A small excitable dog was brought in front of the cat which was fastened in a comfortable animal holder or else the legs and body wrapped in a sack and held, with the head free. These cats were relatively calm and at the same time the pupil dilation failed to occur or was only small.
Recently Cannon, with his co-adjutor, reported that the denervated heart in starving cats beat with an increased rate during the breaking out of pseudaffective phenomena, while the removal of the suprarenal bodies reduced this acceleration largely.12)
In regard to this highly interesting and important question at issue we have not yet available evidence in our own hands to support one view or the other, except a single ex perience on Dog 7. In order to get a more clear, definite view about this matter we hope to have some other opportunities in making such a experiment as on Dog 7. Only in this connection we may add here some experiences made in trying to bring dogs into an ex 9) G. N. Stewart and J. M. Rogoff. Am. J. Physiol., 1917, 44, 572. 10 A lively young, tame dog was once fastened on the table supine, butthe dog was still so cheerful as to look round and wag his tail. When a furious cat in a wire cage was at once brought before him, the dog neither yelled nor struggled, but became apparently wholly tranquill. This approach of the cat called forth in the dog a definite increase of the blood sugar percentage. On the other hand there were dogs which yelled and struggled on confronting a cat in a wire cage, but did not indicate any augmentation of blood sugar con tent. Similar experiences were previously noted by Bang on rabbits.13) Although it is indubitably to put the cart before the horse to make the deduction whether or not the ani mal is excited from the behavior of the blood sugar level, the emotional state of the animal must be certainly interpreted with great care, and especially when the animal is confined in an unnatural state. Of the above related young dog we bad in fact the impression that it night probably have been feeling fear in spite of its entire tranquility.
And further, when we shall be successful in having cases in which the animal can react in the usual laboratory conditions to an attack by its enemy in a quite natural manner, we may meet with difficulty in securing the blood samples from the suprarenal gland, measur ing the pupil diameter, etc. with safety to the experimentors and without interfering with the fight itself.
When the dog on a table, as in the present investigations, was confronted by a cat en closed in a wire cage, commonly it showed more or less symptoms of fear, the teeth being bared, the head turned aside from the opponent, sometimes plaintive vocalizations being uttered. Such an excited state lasted usually only more or less transitorily. In our few experiences furious rage was not observed.
At all events it is of importance to notice in the present researches that all the dogs which were qualified with an augmented epinephrine liberation expressed violent reactions, as crying and struggling, in response to the fastening, while half of those which did not be tray any or only small sign of accelerated epinephrine output behaved themselves quite in differently to the same manipulation, and further, especially that an enormous acceleration in the output was discovered in Dog 7 when it was extraordinarily excited during the first fastening.
II.
The results of sensory stimulation experiments will now be considered. cava pocket method on anaesthetized cats and dogs in half of the instances, we were able to recognize it in every non-anaesthetized dog by the same method and in the great majority of stimulations. The de-afferentation of the operation field obviates the necessity of narcosis ; narcosis acts as in hibiting the reflex output of epinephrine.14) Now further trials were made, in working with non-anaesthetized dogs, in order to see whether or not by utilizing the lumbar route pre paration entirely corroborating results with those yielded by the cava pocket method could be obtained in regard to the sensory effect. This study is the more significant in that the new method conveys an initial out put (spontaneous liberation) of the magnitude of a different low order com pared with the cava pocket method.
The new data are epitomized in the table above given, and the pro tocolls originating from Dog 13 are reproduced fully.
In order to show the results of sensory experimentation at a glance, a chart corresponding to the data on Dog 13 carried out January 28 last year is given, the lettering being the same as noted in Fig. 2 belonging to the fastening experiment. For the sake of showing readily the effect of stimuli, the time during the stimulation experiments in proper sense is taken as especially exaggerated, as in the manner explained in the legend.
Sensory stimulation was carried out on the dogs necessarily fastened prone on the table.
In some dogs the median nerve (on the right side) was laid bare, ligated and cut with the central end prepared for stimulation, but later the great auricular nerve was preferred. The induction shock used for stimulation was usually barely perceptible to the tongue at 15 cms. coil distance. Sensory stimulation was followed by very violent, aggressive reactions. During the stimulation the head of the dog was firmly fixed by a technical assistant sitting before the dog holding the ears with his hands, otherwise the dog would instantaneously direct its mouth furiously towards the hands of the experimentor causing stimulation. The stimulation was also immediately followed by a remarkable deepening of breathing and powerful movements of the limbs even in so confined a position, both of which would interfere very seriously with collection of blood samples. The kidney inclined to get rid of the lumbar incision. The difficulties were 14) Sakuji Kodama, Tohoku J. Exp. Med., 1923, 4, 166; 1924, 4, 465; 1924, 4, 601; 1924, 5,149 & 157; J. Biophysics, 19(23-) • (From Obs. 32 another intestine strip of the same rabbit was employed). Almost as strong as 0.2 c.c. of 1:2,000,000 ; weaker than 0.3 c.c. of 1:2,000,000.
V: Almost as strong as or a very little stronger than 0.3 c.c. of 1:2,000,000; stronger than 0.2 c.c. of 1:2,000,000. VIII: Weaker than 0.2 cc. of 1:2,000,000; almost as strong as 0.15 c.c. of 1:2,000,000. (From Obs. 30 another new intestine strip of the same rabbit was employed). circumvented by one or two laboratory servants forcing the animal down at the shoulder or sometimes moreover on its haunches. In nine out of thirteen dogs listed in the table, the sensory experiment was performed in succession to the fastening experiments. During the fastening down the great auricular. nerve or the median nerve on one side (the right as a rule) was prepared for stimulation. The preparing evoked invariably violent reactive movements; the dog yelled, struggled, attempted to bite the operator's hands, and also to get free from confinement, and sometimes micturition, regardless of whether the animal was already ex cited during the fastening alone or behaved calmly. Some time was allow ed to elapse for subsidence of the excitement incident to preparation of the nerve; sometimes it was sufficient so that the specimen subsequently taken was indistinguishable in any way from those drawn prior to the uncover ing of the nerve, but sometimes the first specimen taken following the pre paration portrayed an unmistakably increased liberation of epinephrine.
Some samples were then successively collected, indeed alternately dur ing the rest spell and during the stimulation period. The nerve was con tinuously stimulated by means of the induction current. The reactions to the nerve stimulation were as a matter of fact very violent, more violent in the present investigations, where the animal was fastened prone, some what near to the natural posture than the fastening in supine position, in comparison with cases in which the animal was fixed supine and the cava pocket was equipped without being anaesthetized. Such a series of stimu lation experiments was usually repeated twice. In some cases some last samples were taken from the animals, freely behaving themselves after be ing freed from fastening.
On eight dogs 28 stimulation experiments were carried out, and the stimulation occasioned an acceleration of epinephrine output in all the dogs save one (Dog 11).
The acceleration was evident in Dogs 2(5-8 fold output of the initial was produced by stimulation), 3(three fold), 7(2-2.5 fold), 10(3-5 fold), 12(2 fold or more) and 13(2-3 fold), while in 2 dogs (Dogs 5 and 6) the stimulation could not double the rate of output during the rest intervals. In Dog 5 the last stimulation accelerated the output largely (From 0.0000 23 mgrm. per kilo and per minute to 0.000074 mgrm.). In Dog 11 the outputs of epinephrine under nerve excitation, which produced the usual violent reaction, were found not materially to differ from those of the rest spell subsequent to the nerve preparing. The rate of discharge in the free period as well as in the fastening period previous to the nerve uncovering was really somewhat small. Preparing of the great auricular nerve was followed by an increased output of epinephrine.
The augmentation of output rate evoked by the sensory stimulation is indeed due solely or mainly to an increase of the epinephrine concentration in the suprarenal vein blood, the velocity of the blood current through the gland being estimated as unaltered or only a little hastened. A faster flow of blood was observed only in Dogs 2, 3 and 5 (only in the last stimulation period) during the stimulation, while in the rest the outflow of blood re mained unchanged or sometimes rather a little reduced. At any rate the velocity of the blood current underwent changes only on a small scale.
Among the previous sensory experiments with the non-anaesthetized dogs equipped with the cava pocket there were 5 negative cases in which the sensory stimulation was accompanied by no acceleration of rate of epine phrine output, out of 37 stimulation experiments reported by Kodama and 1 negative instance out of 24 examples listed in the paper of Suga wara, Watanabe and Saito; and the epinephrine output during the stimulation periods was 2-5 times that of the rest intervals. The results in the present investigations are in entire accord, in these respects, with the previous reports; namely 2 negative examples contrast against 26 positives and under the stimulation the output rate became twice to fivefold as rapid as that in the non-stimuli periods; only in one dog a rate eight times faster was induced by the stimulation.
Notwithstanding entire agreements between the previous data and the present investigations are to be readily seen as thus establishing, we soon came to find a striking contrast between them. Though both sets of re sults agree well in the percentile difference of the output rate between the stimulation periods and the rest intervals, the absolute rate of discharge estimated under the nerve stimulation in the previous studies is far greater than that of the same nature obtained in the present researches. That the output during the rest spells in the non-anaesthetized dogs equipped with the lumbar route preparation is far inferior to that detected in the cava pocket experiments with the non-narcotized ones has already been refer red to in the foregoing communication.
That in Dog 7 the first fastening induced an enormously rapid output of epinephrine simultaneously with unusual furious excited state is as has been repeatedly quoted above.
That the sensory stimulation is capable of accelerating the epinephrine output, as a rule, at a certain ratio with the rate of output prevailing prior to application of stimuli upon the sensory nerve is certainly a striking and interesting fact. At present we have no available explanation to offer for this fact.
It may be, however, tentatively explained by assuming that an increase of excitability takes place in the centrum or centra concerning the epinephrine liberation, being looked at as a whole, with the prevailing stimulation besides the actual excitement of the centrum or centra.
In view of this fact an explanation suggested by some writers that an increase of the epinephrine discharge, which might be already introduced by the necessary conditions inherent in preparing the cava pocket may mask the effect of sensory stimulation etc., is entirely untenable. What was presumably the sole or chief factor which really masked the effect of sensory stimuli upon the epinephrine output in the experiments with anaesthetized animals has been often-discussed in the previous papers from this laboratory. SUMMARY. I. The lumbar route operation, described in. the . foregoing paper, was performed. on dogs, the operation field of which was previously de afferented, either prone fastened on the table , or freely sitting or standing there.
As a matter of course narcosis was never resorted to. Making use of these dogs the bloods were collected from the suprarenal gland during the fastening period and the free interval alternately, and compared each other. In half of the cases the fastening down induced an evident increase in the output rate of epinephrine, though the degree of acceleration was somewhat inferior to that in the sensory stimulation experiments.
In them the violent reactions against fastening, as yelling, struggling, were simultaneously.manifest.
In the rest. the fastening failed to hasten the output velocity of epinephrine.
In half of the latter instances the dogs were almost quiet during the confinement.
II. Sensory stimulation was also again tried on some dogs in suc cession to the fastening experimentation. In almost all cases the stimula tion of the sensory nerve called forth a faster rate of epinephrine liberation.
The rate under stimuli was nearly 2-5 times as fast as that of the rest spells, seldom 8 times. Of the constancy in occurrence of accelerating effect and the ratio of augmentation to the rate during the rest interval the .present results achieved with the lumbar route method coincide well with those obtained with the cava pocket method on non-anaesthetized dogs, but the absolute values of the rates during the spells of rest as well as stimuli .in the present investigation are far inferior to the previous results with the cava pocket.
While this paper was in-the press a recent paper of W. B. Cannon and S. W. Briton (Am. J. Physiol., 1927, 79, 433) fell into our hands. That the fastening invariably ac celerated the rate of the denervated heart of the cat seems to harmonize with the reaction of that species of animal to the fastening in regard to the carbolydrate metabolism.
